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THE EFFECT OF INLET FRESSURE AND TEMPERATURE ON THE EFFICIENCY
OF A SINGLE-STAGE TMPULSE TURBINE HAVING AN
11.0-INCH PTTOH-LINE DIAMFTER WEEEL .

By David 8. Gabriel, L. Robert, Carman T
: and Elmer E. Trautweln ' .

SUMMARY

. Efficiency tests have been conducted on a single-stage impulse
turbine having, an 11l.0-inch pitch-line diameter wheel wilth inserted
buckets and.a fabricated nozzle diaphragm. The tests were made to
determine the effect of inlet pressure, inlet temperature, speed, -
and pressure ratlo on the turbine efficlency. An analyels is
presented that relates the effect of inlet pressure and temperature
to the Reynolds number of the flow. The agreement between the
analysis and the experimental data indicates that the changes in

turbine efficlency with inlet pressure and temperature may be
principally a Reynolds number effect.

INTRODUCTION

The efflclency of turbines is conventlonally represented as a
function of the blade-to-Jet speed ratio and the pressure ratlo.
SBome data are avallable in the literature.on the effect of these
variablee on turbine performance. It has been generally assumed
-that the effects on performence of.inlet pressure amd temperature
for a given blade-to-Jet speed ratio and pressure ratio are emell.
No data on these effects could be found.

Adequate test facllitles are not always avallable for testing
turblnes under actual operating conditions and experimenters often
.best at the proper bdlade-to-jet. speed ratios and pressure ratios
‘but et 1nlet temperatures and pressures that differ from actual
operating conditions. Because of the need for information on the
effects of inlet temperature and pressure in addition to the effects
of blade-to-jet speed ratlio and preesure ratio, the NACA Cleveland
laboratory conducted tests from July to October 1944 on an exhaust-
gas turbine using both hot gases and ailr as the driving flulds.
These tests cover a range of inlet pressures from 10 to 60 inches
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of mercury absolute, inlet temperatures from 550° to 2000° F absolute ’
and pressure ratios from 1.4 to 5.2. A method of correlation of the
date 1s pressnted in this report. '

An attempt is also made to correlate the effects of inlet pres-
sure and temperature by introdueing the Reynolds number, An analysis
that shows the relation of the inlet pressure and temperature to the
Reynolds number 1s presented.

APPARATUB

A single-stege impulse turbine having an 11.0-inch pitch-line
diameter wheel with inserted buckets and a rabrlcated nogzzle diaphregm
was tested. Bucket-to-nozzle clearance was set at 0.138 inch. A high-
speed bydraulic dynamometer was coupled to the shaft to absorb the
turbine power. The general arrangement of the experimental test setup
and the plping system including the hot-gas producer is shown in fig-
ures 1 and 2.

The turbine was driven by air at 550° F absolute and hot gases
at various Inlet temperatures and pressures. An A.S.M.E. orifice
instelled in the combustion-eir piping ahead of the hot-gas producer
vas used to measure the alr flow. Theo gas temperature at the nozzle-
box inlet was measured with a quadruple-shielded chromel-alumel
thermooouple and a self-halancing potentiometer. This temperature
vas taken to be the total temperature at the mozzle-box inlet. The
static pressure at the nozzle-box inlet was meesured ln a manifold
connected to four pressure taps in the seme cross section of the
inlet pipe. '

The driving fluid@ was dlscharged from the turbine into a
plenum chamber, which was direotly connected to an altitude-exhaust
system. The statlc pressure in the plenum chamber was taken as the
bucket dlscharge pressure pg. The statlic-pressure tap for meas-

uring the discharge pressure was located ahout 1/2 inch .behind the
external cooling cap, as shown by the detailed sketch in figure 3.
The end of the pressure-tap tube was plugged and a hole was drilled
about 1/4 inch frow the end of the tube on the downstream side. All
pressures wore measured with mercury manometers. The location of
the pointe where temperature and pressure moasurements wers made 1s
shown in figure 3.

Leakage of air between the atmosphere and the turblne was pre-
vented by a housing around the turbine-bearing assembly and by plugs
welded into the openings in the ammular suvport between the nozzle
box and the nozzle-box baffle. A labyrinth seal gland was instglled
around the turblne shaft between the housing and a pressure-balancing
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ohamber, which 'could be evacuated by a Jet pump or pressurized by
compressed air. I.ea.kage of alr between the chamber and the housing
was prevented by adjusting the pressure in the pressure-balancing
chamber until a manometer connected to the two spaces between the
rings of the labyrinth seal gland showed zero pressure drop.
Cooling caps placed in close proximity to both sides of the turbine
whoel and cooled by water provided some cooling of the wheel and
the bearing housing.

Dynamometer-torque measurements were made with an NACA balanced-
diaphragm torque indicator (reference 1), The turbine speed was
measured with a standard engline tachometer, The tachometer was
fitted with an enlarged indlcating dial having very fine flvisions
to increase the accuracy and the éase of reading the instrument.

Two tachometer generators were used to cover the range of turbine
speeds in thls test. One of the gencrators turned at the sams
speed as the turbine tachometer drive and the other turmed at twice
the speed. The hlgher-speed generator was used at the low turbilne
speeds for greater acocuracy of speed measurement. :

The nozzle box was 1nsulated for the final serles of tests.
The insulation used was an asbestos base materlal, which was plas-

_tered directly on the nozzle box with a thickness from 1 to 2 inches.

A cross section of the hot-gas producer is shown in flgure 4.
Alr passes through the orifice, enters the producer near the top,
and flowa downward through the annular space between the lnner and
the outer shelle to provide cooling for the shells. The alr 1s
turned through an arc of 180° at the bottom of the producer, where
the flow 1s dlvided between the space provided for the igniter-
norzle assemblles and the two vaned sections.

The producer has elght lgniter-nozzle essemblies and can be
operated with any number of the lgnlter-nozzle assemblles in use,

" Bach igniter assembly has a fuel-spray nozzle with a double-electrode

igniter, which furnishes continuous ignition. The fuel flow to the
nozzles 1s individually controlled by needle valves in the lines to
the fuel nozglee, The temperature of the gas is varled by using a
different size or number of nozzles. Small adjustments of tempera-
ture are made by throttling the fuel lines to change the fuel pres-
sure at the .spray nozzles. The fuel flow 1s measured wilth a call-
brated rotameter. ' .

The air 1s heated by burning gasoline, which 1s 1lnjected through
the fuel nozzles. No fuel was burmed for the tests at 550° ¥ abso-
lute. The gases flow from the prodncer to the turbine nozzle box
through a pipe ap’prozimately 23 feet long and ‘Insulated with a 3-inch
thickness of mixed asbestos fiber and milled silioa held 1n place by




4 NACA ACR No. ESE1D

& larger duct that encloses the plpe oonveying the hot gases. A
diagrem of the inlet pipe is shown in figure 4. The pipe diam-
eter 'changes from 10 to 6 inches before it 1s connected to the
turbine' nozzle box.

Before the turbine was installed, temperature and total- :
pressure surveys were made in the plping system at a point approx-
imstely 8 inches upstream from the flange to which the nozzle box
was attached. Travereges were made across 2 diameters of the 6-inch
pipe at right angles to each other. At a gas temperature of 1400° F,
a variation of 10° F was found. Total-pressure surveys were made at
different gas temperatures for & .weight flow of approximately
2.2 pounds per second. There was no variatlon 1ln total pressure
within a 5-inch-dlameter circle with 1ts center line on the center
1ine' of the 6-inch pipe. At points 1/4 inch from the pipe wall, the
total pressure was found to be approximately 75 percent of the total
pressure measured in the center of the pipe. These tests indicated
that the velooclty and the temperature profiles across the pipe were
very uniform.

Although these surveys were made with impact tubes, the total
preasure at the inlet to the turbine for the test data was computed
by adding the measured static pressure at the nozgzle-box inlet to
the average velocity pressure computed from the contlinuity equationm,
The use of the continuity equatlion was jJustified by the existence
of the flat velocity and temperature proflles.

The outside wheel dlameter was measured at intervals throughout
the tests. No measurable setretchling of the wheel was observed at
the end of the tests.

ACCURACY

The method suggested by the A.5.M.E. for estimating the accuracy
of measurement of air flow utilizing their orifice data gives a prob-
able error of *1,17 percent. Turbine-shaft torque was measured to
the nearest 0.15 foot-pound. The tachometers were calibrated and the
rea.d_:lngs taken in the tests were corrected by use of the callbratlon
curve."” Tho turbine-speed measurements were acourate to +15 rpm for
speeds from O to 17,000 rpm and 430 rpm Cor speods rrom 17,000 to
21,000 rpm, All preasure roadings were taken to 0.05 inch of mercury.

'.I.'.ES'.'I;$

Efficlency tests were made over a range of inlet temperatures
and pressures and pressure ratios, The following table shows the
approximate test conditionss o
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Pregsure ratlo Total inlet |Total inlet
RS -TY pressure | temperatiire
Py Ty
(in. Hg ebs.)| (°F abs.)

Tests with uninsulated nozzle box; speed range,
3000 to 21,000 rpm

l.4, 2.2, 3.0, 3.9, 5.2 27 550
1200
1800
l.4, 2.2, 3.0 10 . 1200
19
27
35
43
52
60
l.4, 2 2, 3.0 27 1600
2000

Tests with uninsulated nozzle box; constant blade-
to-jet speed ratlio, 0.4

2.2 52 1000
35 2000
18 1400
19 1800
10 1800

Tests with Insulated nozzle box; speed range 3000
to 21,000 rpm

1.4, 2.2, 3.0, 3.9, 5.2 27 1200
2.2 27 1000
1600
1800
SYMBOLS

Ay annular area swept by turbine buckets (sq ft)

g acceleration due to gravi%y--SZ.Z'(ft)/(sec)z or dimensiocnal
constant, 32.2 (lb)/(slugs

M, mass flow of air (slugs)/(sec)
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mass flow of air plus fuel (alugs)/(sec)
turbine speed (rpm)

static pressure of turbine discharge at plenum chamber
(in. Hg absolute)

total pressure at nozzle-box inlet (in. Hg absolute)

turbine shaft power (ft-1b)/(sec)

thedretical turbine power avallable for expansion from inlet
total temperature and pressure to outlet static pressure
(££-1b)/(sec)

gas constant for air, 53.35 (ft-1b)/(1b-°F)

gas oonstant for oombustion products (ft-1b)/(1b-°F)

Reynolds number

gas temperature (°F absulute)

total temperature at nozzle-box inlet (°F absolute)

blade pitch-line speed (fps)

theoretical Jet speed (fps)

average axial component of turbine discharge velooity (fps)

ratio of specific heat at constant pressure to specific heat
at oonstant volume

turbine efflclency deflned as ratlo of shaft power to theoret-
ical power computed from total temperature and pressure at
turbine inlet and static pressure at the turbine dlscharge

value of 1 at standard value of pi/Til'l
(0.009 in. Hg/(CF absolute)’t

turbine efficiency defined as ratio of shaft power to dif-
ference between theoretlcal power and kinetic power corre-
eponding to average axlal camponent of velocity at tur-
bine discharge

viscosity of cambustion products (lb-sec)/(sq f£t)
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METHOD OF ANALYSIS

. The turbine efficiency for the tests reported herein was calou-
lated according to the methods of references 2 and 3.- The calcula-
tions of alr flow were made according: to the standa.rd practice of
the A.8.M.E.

.The efficiency of a gas turbilne of the constant-pressure type
is a.sa'mned to be a function of the blade-to-jet- speed ratlo, the
pressure. ratio, and the Reynolds number. Other variables, such as
loakage, windage, heat 105595, and bearing friction, ‘are assumed to
be of secondary importance or dependent cn the principal verisbles.
This statement may be writtemn in the following equation:

n = £(u/v, py/24, Re) _ - (1)

If the essumption 1s made that viscosity 1s proportional to
‘I'n, vhere n 1s a constant, the theoretical Reynolds number
corresponding to the theoretlocal Jet veloclty v 1s glven by

. . _l ..
+n-n It
1p;(70.73) oL pa\ 7
Re'= YL o 2L d) 2g = RyTy |1 - (= (2)
b BT RTy -1 P1

where Ky 18 a constant depending on the viscosity of the fluld,
p 1is.the theoretical density corresponding to tke theoretical Jet

-velocity, and L 1is a characteristic dimenslon of the turbine.

For a glven turbine, L 1s constant. If the varlations of ¢y and
Rb are neglected, the Reynolds number (equation (2)) for a given

turblne and fluid becomes

. .
Re = m f(:%) _ (3)

Inasmuch as the ratio pj/pg ie already listed as a variable in
equation (1), the only new variable added by the Reynolds number

18 the ratio of pi/Ti(n * 2J), Equation (1) may then be written

1
n= f 'U/'V', Pi/pd’ PilTi(n * 2) (4)
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Although the Reynolds number corresponding to lsentroplc flow was
1\

n +
" used' to establish the factor p,/T, ( Z)  the Reynolds number
of the flow over the buckets change only by functions of pi/pd
end u/v and thus introduce no new variables.

A logarithmic plot (fig. 5) of viscosity of ailr againat the
absolute temperature reveals that for the range of temperatures
‘from 10000 to 20000 F abaclute there is very little variation from
a straight line with a slope of approximately 0.6. The slope of
- the curve for lower temperatures 1s slightly greater. The data for
this curve were taken from reference 4. The compoaition of the
working fluid during the tests varied negligibly from tha.t of air.
.Equation (4) then reduces to:

n="* (u/vp Pi/'Pd: P-j_/'i'il'l) (5)

The variables for correlating the mass-flow data of the tur-
bine are revealed by & consideratlon of the equation for mass flow
through elther an ideal or a convergent nozzle; hoth show the same
variables. 'The mass flow through an ideal nozzle o:E' area ‘A’ for
example, la glven by

o

L r2
v, (70.73) fpa\ . 2.\ 7
. .-t . _b i 1 - 1

where p is the theoretical density at the nozzle exit and v 1is
the theoretical veloclty at the nozzle exlt. Thls relation reveals

that the quantity g—t—,/gRij_ is a function of Pd/Pi' The equation
1 .
for mass flow through a simple converging nozzle 1ln the supersonlc

. 'M'b
indicates that In this (3] -—*, T is & constant. The
range e rang 5 gRb 1

presence of the turblns wheel Introduces some interference with the
flow from the nozzle. It 1s reasonable to expect that the amount
of Interference depends on the blade-to-Jet speed ratio. The theo-
retical Jet speed is glven by

7-1

v alfz =Ly emy 1<P-) (7)

1
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The blade speed u for a ?iven turbine is proportional to the
turbine speed K. The ratio u/v 1s therefore proportional to

q’/5197'1'1 N £(p;/pa). The ratio p3/py bas already béen listed as

one of-the variables for plotting the masa-flow factor; thus, the
_only edditional variable indicated by this discussion is 4519/Ty N.
The tentative correlation of the maes~flow date can be made by plot-

ting the factor —-;/ &RyTy against Pi/Pd with ’V519/T1 Nas a
pa.rameter.

RESULTS

Figures 6 to 8 are conventional curves of the turbine efficiency
17 plotted against the bdlade-to-Jet epeed ratio. They show the
effect of the nozzle-box iInlet pressure and temperature and the pres-
sure ratlio on the turblne.efficlency. These curves are all substan-
tially parabolic with maximum efflciency occurring at a blade-~to-Jet
speed ratlo of approximetely 0.4. The efficlency for a normal oper-
ating condition of the turbine in a turbosupercharger (inlet pres-
sure, approximately 27 in. Hg absolute; inlet temperature, 1800° F
absolute; blade-to-Jet speed ratio, 0.4; and pressure ratio, 2.2) 1a
59 percent.

Cross plots showing the varlation of turbine efficlency &t a
constant blade-to~jet speed ratio (0.4) with the three variables are
presented in figure 9. The general trend of the efflclency varla-
tion is more easily visualized from these curves than from those in
figures 6 to 8. Figure 9(a) shows that maximum efficlency ococurs at
a pressure ratio of approximately 3 and figure 9(b) shows that effi-
c¢lency decreases as nogzle-box inlet temperature inocreases. The
increase in efficiency with nozzle-box inlet pressure is presented
in figure 9(c). Plots of the curves of figures 9(b) and 9(c) on
logarithmic paper indicate that the efficlency varies with the inlet
temperature to the -0.075 power and with the imlet pressure to the
0.067 power over the range of tests. The ratio of these exponents
is 1.12,

It has been shown in the method of analysis that, for constant
pressure ratios and blade~to~Jet speed ratlos, the turbine efflclency
is a funotion of the ratio of nozzle-box inlet pressure to the
1.1 power of the inlet temperature. Plois.of the turbine efficiency

agalinst the factor pi/‘I'i:_L'l are shown in figure 10.. Curves are

shown for variable pressure ratio at several constant blade-to-jet
speed ratios. Very good correlation is noted in the data for the
inlet-temperature range shown (1200° to 2000° F absolute) and for
inlet pressures from 10 to 60 inches of mercury absplute. - The set
of points corresponding to the air tests with an inlet temperature
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of 550° F absolute are slightly displmced from the faired curves;
the megnitude of the displacement does not exceed 2%‘- percent in

efficiency (fig. 10). This displacement may be caused by the changing
slope of the viscosity curve at temperatures less than 1000° F abeo-

lute. The good correlation obtained with the factor pi/T Ll ynas-

cates that the change of turbine efficiency with nozzle-box inlet
temperature and pressure for constant pressure ratio and blade-to- ~Jot
speed ratlo may be a Reynolds number effect. Further investigation
is required, however, to establish this fac: conolusively because of
the small changes in effliclency involved.

The paralleliem of the curves of comstant pressure ratio at a
given value of blade:-to-jJet speed ratio u/v 1in figure 10 suggested
the followin_g procedure for condensing the presentation of the tur-
bine efficlency: For any glven pressure ratio the quantity ng 18

defined as the value-of the turbine efficiency at a wvalue of

pi/T 1.1 ¢ 0.009 inch mercury per (°F absolute):’l, These ¥alues
of n, are shown in figure 11(a) plotted against u/v for various
values of pi/pd

The values of turbine efficiency for other than the standard
value of pi/T 1.1 are divided by the value of n_ Ffor the same
value of u/v and pi/pd and are plotted against pi/T 1.1 gor
various values of u/v in figure 11(b). For a given value of u/v
and pilTil'l the value of 'n/nB is nearly independent of p,/py.

This sort of plot 1s an expedient that works fairly well in the
present case but cannot be generally recommended. The more acourate
end fundamentally more sound presentation is that of figure 10.' In
other types of turbine, the correlation of figure 10 mey not hold
inasmich ‘ag there is no assurance that Reynolds number will affect

a turblne of different deslign in the same manner or that othsér fac-
tors not involving the Reynolds number will not cause some variation.

The accuracy of the correlation varies somewhat with the oper-
ating conditions. Figure 12 ghows an example of & curve caloulated
from figure 11 and an experimentel curve, The slight scatter shown
is typlcal of the maximum variation to be expected, approximately
+1 percent in efficlency, over the temperature range from 1200° to
20000 ¥ absolute. The data at 550° F absolute show a somewhat

larger scatter; the maximum scatter of approximately 2% percent in
effioiency occurred at pressurs ratios less than 2. ' '
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Figure 13 is a plot of the gas-flow factor &—m against

the pressure ratio and the product of the turbine apeed and the’
. square root of the ra.tio of NACA standard sea~level temperature to
the nozzle-box inlet. temperature. This ratioc 1s proportional to
the blade-to~jet speéd ratio for a constant pressure ratio. From
figure 13(a), the gas flow can be correlated within #1.5 percent
for the range of tept, values of P:l and for a range of T; from

1200° +to, 2000° F absolute., .Because the date for an inlet tompera -~
ture, of 550° F-absolute d41d not Pall on the. same’ curve, -an addi- -
tional chart (fig. 13(b)).1is shoyn for these data, . Cross plots.of.
figures 13(a) and 13(b) are shown in figures 13(c) and 13(d),. .With
flgures 1l and 13, and reference 3, the turbine power for any condi-
tion covered by the reportod tests - may be caloulated, .

- The resultes of tests wlth the nozzle box msulated a-re compared
with tests in which the nozzle box was not insulated in figure 14,
No air was blown over the nozzle box in the uninsulated tests. It
18 ovident from figure 14 that the difference in performence caused
by the insulation was small and within the magnitude of experimental
error. Although the curves are given only for a pressure ratio of
2.2, data on other pressure ratios show similar results. It may be
oonoluded that, for inlet-gas temperatures from 1200° to 1800° F .
absolute, the differences in efficiency for the cases of insulated
and uninsulated nozzle box are negligible when the alr external to
the nozgle box is quiet.

The turbine efficiency as previously defined gives the shaft
work as & ratio of the theoretical work for an expansion from the
total pressure at the turbine inlet to the static pressure at the
turbine outlet. This efficilency includes in the theoretical power
avallable some energy that may be utilized for Jet propulsion or
in succéeeding turbine steges. In applications where the turbine-
dilscharge veloclity 1s utilized for jJet propulsion, it 1s appro-
priate to define an efficlency in which the turbine is credited for
the kinetic energy of the discharge Jet. A number of definitions
of this efficlency are possible., In the choice of a definition,
consideration should be given to the eame of megsurement and compu-
tation and to the practical aspect of the portion of the discharge
velocity recoverable for Jet propulsion. In the present repqrt the
turbine efficlency umder discussion is defined as .

P
' = { — : .. (8)
Pth - 3 MyVa
The value of Vo is equal to the mass flow of gas dlvided by. the

bucket annular area Ad and the gas density at the bucket exit eand
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is given 'bJ'r; the -equation

. . . . . 2 y !
Pakg 2Py Pahy
Va =.;/G__. 7_0_.73 )t 28 Lo BTy - oy L+ 10, T (9)

It 18 appa.rent thet the turbine is credited in equation (8)
with the kinetic energy corresponding to the energy of the axial
component of this average discharge velocity. Theoretically, the
total ‘discharge velooity can poesibly be utilized for Jet propul-
sior by méans of properly shaped guide vanes. Because of the
changing angle of attack at ‘the guide vanes with changing operating
- oconditions &' set of vanes that may be good for one condition may -
be poor at otheérs; furthermore, because the total velocity varies
with redial and angular position, a survey would be required for
its determination. . The average axial veloocity Vgs OB the other

hand can be oomputed from the measured mass flow of gas and the
area 'swopt by the buckets. It is evident that the proposed defi-
nition of turbine efficiency ia not without obJection but 1t does
" have the a.dva.ntage ‘that 1t may be readily caloulated.

Figure 15 ehows a plot of " 7'/n where 7' was calculated
by the turbine-efficiency equation (8). The values of 7'
from a.bout 5 to 22 percent higher than the corresponding values
of ‘'f; the ratio ! /n is higher for higher pressure ratios and
lower blade-to-jJet speed ratios. All the data over the range of
temperatures from 1200° to 2000° F abeolute and inlet pressures
from 10,5 to 539.7 inches of mercury absolute are correlated on this
curve with an accuracy of *l percent. For any glven value of pres-
gure rdtio and blade-to-jJet speed ratio the quantity 1'/n is seen
to be independent of inlet temperature and pressure., From fig-
ures 11 and 15, the efficiency 7' may be calculated for any condi-
tion within thie range.

SUMMARY OF RESULTS

Efficiency tests on a esingle-stage impulse turbine having an
11.0-inch pitch-line diameter wheel with inserted buckets and a
fabricated nozzle diaphragm over a range of inlet pressures from 10
to 60 inches of mercury absolute and inlet temperatures from 1000° to
20000 P absolute have indicated the followlng results:

1, The efficiency for & normal operating condition (inlet pres-
sure, approximately 27 in. Hg absolute; inlet temperature, 1800° F
absolute; 'bla.de-to-,jet speed ratio, O, 4 and pressurs ratio, 2.2)
wes 59 percent.
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2. The change in turbine efficlency for constant pressure ratlo
and blade-to- Jet speed ratio over a range of inlet tenrperatm'ea a.nn

pressures was correlated aga.:lnst the fa.otor pif'l'i , which was
derived from the Reynolds number equatlion

where

p, - total inlet pressure (in.Hg absolute)
Ty total inlet temperature (°r absolute)

This result Indicates that the varia.tion in turbine effioiency with
inlet conditions for a constant pressure -ratio and blade-to-Jet
speed ra.tio may be pr:lncipally a Reynolds number offect.

3. The alr flow ocould be oorrelated with an accuracy og
41,5 percent over the range of inlet temperatures from 1200~ to
2000° F absolute and total inlet pressures from 10 to 60 inches of

mercury absolute by plotting ?‘NEDTI agalnst the pressure ratio
1
and blade-~to-jet speed ratio

where
M, mass flow of air plus fuel (elugs)/(sec)
R, &es constant for combustion products (£t-1b)/(1b-"F)

4, Over the range of inlet gas temperatures from 1200° to
1800° F absolute, insulating the nozzle box caused no change in the
turbine efficiency, as compared with tests of an uninsulated nozzle
box in which the externmal air was quiet.

5. In the computation of turbine efficiency vhen the turbine
is oredited with the kinetic energy corresponding to the average
axial component of the veloclty behlind the turbine buckets, an
increase in efficiency betweep 5 and 22 percent for pressure ratlos
between 1.4 and 5,2 and blade-to-jet speed ratlos between 0.1 and
0,6 was obtalned, In general, the larger changes in efficiency
ococurred at the smaller bla.de-to-Jet speed ratios and the larger
pressurs ratios,

Alrcraft Engine Research lLaboratory,
National Advisory Committee for Asronautics,
Cleveland, Chio,
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